Abstract Despite the benefit of adjuvant hormonal therapy (HT) on mortality among women with breast cancer (BC), many women are non-adherent with its use. We investigated the effects of early discontinuation and nonadherence to HT on mortality in women enrolled in Kaiser Permanente of Northern California (KPNC). We identified women diagnosed with hormone-sensitive stage I-III BC, 1996-2007, and used automated pharmacy records to identify prescriptions and dates of refill. We categorized patients as having discontinued HT early if 180 days elapsed from the prior prescription. For those who continued, we categorized patients as adherent if the medication possession ratio was C80%. We used Cox proportional hazards models to estimate the association between discontinuation and non-adherence with all-cause mortality.
Introduction
Adjuvant hormonal therapy (HT) for hormone-sensitive breast cancer (BC) has been one of the most important additions to the treatment of BC, resulting in impressive reductions in the BC recurrence and mortality rates [1, 2] . These oral therapies include either tamoxifen and/or an aromatase inhibitor and are typically prescribed for 5 years or longer. Surprisingly, despite the dramatic efficacy of hormonal agents, there is increasing evidence that the early discontinuation and non-adherence rates for both tamoxifen and aromatase inhibitors are high and often unrecognized [3] [4] [5] [6] [7] [8] [9] [10] . For example, among women with non-metastatic BC who were enrolled in Kaiser Permanente of Northern California (KPNC), by 4.5 years, 32% of women discontinued HT, and of those who continued, only 72% were fully adherent, despite being enrolled in a health care plan with pharmacy benefits [11] .
While it is increasingly apparent that non-adherence is a significant problem, much less is known about the impact of discontinuation of HT on survival. In the Oxford overview analysis that evaluated several trials of different duration, patients treated with 3 or 5 years of tamoxifen compared to 1 year had better survival outcomes [12, 13] . The benefits of a 5-year duration of HT treatment were definitively established from a randomized trial conducted by the Swedish Breast Cancer Cooperative Group that compared 2 versus 5 years of tamoxifen therapy. The overall survival benefit for 5 years of prescribed therapy versus 1 or 2 years was 18% [14] . Adherence to therapy in this trial, however, was not reported. Outside the clinical trial setting, several small observational studies suggest that early discontinuation of hormone therapy is associated with increased mortality; however, these studies were small, single institution and/or had limited follow-up for survival [9, 15, 16] .
To provide an understanding of the relationship between early discontinuation and non-adherence with all-cause mortality, we evaluated women over a 10-year period who were enrolled in a large, pre-paid integrated health system, KPNC. The KPNC population is large, diverse in race/ ethnicity and socioeconomic status, representative of all age groups, and participants all have a prescription health plan and access to health care.
Methods

Data source
Kaiser Permanente of Northern California is a pre-paid, integrated health plan that provides medical services to more than 3 million members over 14 counties in Northern California. This population is racially diverse and very similar to the socioeconomic makeup of the area it serves [17] .
The Patient Demographic Database of KPNC contains key demographic characteristics of KPNC enrollees, including their medical record number, date of birth, gender, and specific member characteristics. Socioeconomic status of patients' neighborhood of residence was estimated by geocoding patients' addresses, assigning a census tract code, linking the data to Census 2000 information on education, poverty, income, and housing costs to derive a composite score; each patient was assigned a neighborhood SES quintile based on the distribution of the composite index across California census tracts [18] . KPNC also maintains a cancer registry that reports to the regional registries comprising the NCI-supported Surveillance, Epidemiology, and End Results (SEER) program.
The Pharmacy Information Management System records each ordered and filled prescription at all KPNC outpatient and inpatient pharmacies. This database contains cost, prescribing practitioner, and medication information, including the name, National Drug Code, date of prescription, and date of refill.
The Outpatient Summary Clinical Record contains information on all outpatient encounters at KPNC hospitals, medical centers, and medical offices. Procedure codes are based on Common Procedure Terminology (CPT) and diagnosis codes are based on the International Classification of Diseases (ICD), with an additional KPNC-specific code to provide further detail.
Sample selection
We identified all women in the KPNC database who were diagnosed with pathology-confirmed stage I-III BC between January 1, 1996 and June 30, 2007. We restricted our sample to patients who were classified as having tumors that were positive for estrogen and/or progesterone receptor, and who received at least one prescription for oral HT (tamoxifen, anastrozole, exemestane, or letrozole) within 12 months of diagnosis and prior to the diagnosis of recurrent disease.
Study covariates:
Socio-demographic variables
Age at diagnosis was categorized into\50, 50-65, and[65 years. Marital status at the time of diagnosis was categorized as married or not married. Race was classified as white, black, Asian, and Hispanic. We generated an aggregate SES score from education, poverty and income data from census data, following the method adapted by Du et al. [19] Patients were ranked on a 1-5 scale, where 1 was the lowest value, based on a formula incorporating these variables that were weighted equally.
Comorbid disease
The Klabunde adaptation of the Charlson comorbidity index, which is a weighted score of comorbidity, was constructed by searching for ICD-9-CM (International Classification of Diseases, 9th revision, Clinical Modification) diagnostic codes in the KPNC inpatient and outpatient claims [20, 21] .
Tumor characteristics
We categorized tumor size as \1, 1-2, [2 cm, or unknown; tumor grade as low (1 or 2), high (3 or 4), or unknown; lymph node status as positive, negative, or unknown.
Breast cancer treatment
We categorized surgical treatment as mastectomy, lumpectomy, or no/unknown. Patients were also dichotomized according to whether or not they had received adjuvant chemotherapy and radiation therapy, respectively. Types of HT were categorized as tamoxifen only, aromatase inhibitor (AI) only, or both.
Prescription refill interval
Prescription refill was categorized into 30-, 60-, and 90-day intervals. Patients were placed in each prescription refill category based on the most common prescription interval determined during their follow-up period.
Discontinuation and non-adherence
We categorized patients as having discontinued therapy if 180 days elapsed from the prior prescription without a refill prior to the completion of 4.5 years of therapy. Of those who continued, we categorized patients as being adherent if the ratio of total days covered by the medication divided by the days needing the medication, i.e., the medication possession ratio (MPR), was greater than or equal to 80%, a definition commonly used in the adherence literature [22, 23] .
In order to determine the total days covered by the medication, the number of pills for each prescription was estimated from the date of the first prescription to the date of the subsequent prescription, which fell into 30-, 60-, and 90-day intervals. We assumed that patients could refill prescriptions 7 days earlier for a 60-day prescription, and 14 days earlier for a 90-day prescription. Therefore, if the interval between two prescriptions was B53 days, we assumed the interval supplied by the first prescription was 30 days. If the interval was [53 and \76 days, the assumed interval was 60 days, and if the interval was C76 days, the assumed interval was 90 days. The total number of days covered by the medication was then determined by adding all the intervals between prescriptions plus an additional 30, 60, or 90 days for the last prescription based on prior interval pattern.
To determine the days needing the medication, we censored a patient at the date of death, the date dis-enrolled from KPNC, the date of recurrence based on metastatic ICD-9 codes (196.x; 197.x; or 198.x), new claims for chemotherapy administration, or after 4.5 years elapsed from the date of first prescription due to uncertainties with regard to intent of refills in the last 6 months. The total days needing the medication was then counted from the date of the first prescription to the date of censoring.
Outcome variable
The main outcome measure was all-cause mortality.
Statistical analysis
Survival analyses were performed using the Kaplan-Meier method, and the differences between groups with regard to survival time were evaluated by the log rank test. Multivariate Cox proportional hazards regression models were used to estimate the association between discontinuation or non-adherence to HT (i.e., MPR C 80%) with all-cause mortality, controlling for socio-demographic and clinical variables. To assess the impact of adherence levels on survival, the Cox proportional hazard models were also used to estimate the association between different levels of non-adherence (MPR \ 90%, MPR \ 70%, MPR \ 60%) with all-cause mortality. All analyses were conducted using SAS, Version 9.13.
Results
We identified 8,769 women who filled at least one prescription for either an AI or tamoxifen within 12 months of their BC diagnosis and prior to the diagnosis of recurrent disease. Of these, 3,802 (43%) received only tamoxifen, while 2,313 (29%) received only an AI, while 2,654 (30%) received both types of hormone at least once during the study period. Among the 8,769 women, 2,761 (31.5%) discontinued therapy early. Of the 6,008 patients who continued therapy to the end of 4.5 years, 1,684 (28%) were non-adherent (19% of total). Only 49% of patients took HT for the full duration at the optimal schedule [11] .
The baseline demographic and clinical characteristics are shown in Table 1 . Median age at diagnosis was 62 years. Women in the group that continued therapy were more likely to be married, to receive chemotherapy, refilled their medications every 60 or 90 days (vs. 30 days), and took both tamoxifen and an AI at least once during the study period. Women who discontinued therapy were more likely to be older. Women who adhered to HT were more likely to be married and refilled their medications every 60 or 90 days (vs. 30 days) than women who were non-adherent.
Patients were followed up to 10 years, with a median follow-up of 4.4 years. A total of 813 deaths were recorded. Unadjusted Kaplan-Meier curves comparing patients who continued therapy to those who discontinued, and patients who were adherent to those who were non-adherent are shown in Fig. 1 . The estimate of survival at 10 years was 80.7% in women who continued therapy, and 73.6% in those who discontinued early (log rank, P \ 0.001). Of those who continued, survival at 10 years was 81.7 and 77.8% in women who did and did not adhere to HT, respectively (log rank, P \ 0.001).
We performed Cox proportional hazards analysis to examine the association between HT discontinuation or non-adherence with all-cause mortality, controlling for socio-demographic and clinical variables ( Table 2 ). Both early discontinuation (HR 1.26, 95% CI 1.09-1.46) and non-adherence (HR 1.49, 95% CI 1.23-1.81) among those who continued were significant independent predictors of mortality. Compared to women who refilled every 30 days, those who refilled every 90 days had improved survival (HR 0.70, 95% CI 0.55-0.88). Women who were married, with the highest SES score, no lymph node involvement, and who received radiation therapy had improved overall survival. Hispanics and Asians also had improved survival compared with Caucasians. Adjusting for all factors, older age, increasing comorbidities, larger tumor size, higher tumor grade, and no/unknown surgery (vs. mastectomy) increased the risk of death.
Since age, tumor size, and lymph node involvement were strong determinants of outcomes, we performed subgroup analyses stratifying patients according to age (\65 vs. C65 years) or stage (tumor size [ 2 cm with positive lymph node vs. others). The associations between discontinuation or non-adherence to HT with all-cause mortality did not differ between these subgroups. We also examined these associations excluding prescription refill interval as a covariate since it was a strong predictor of both continuation and adherence to therapy, and the main results did not change.
Separate multivariate analyses were repeated to determine the association between levels of adherence with allcause mortality by varying the definition of non-adherence (MPR\90% vs. C90%; MPR\80% vs. C80%; MPR\70% vs. C70%; or MPR \60% vs. C60%). There was no difference with full adherence versus MPR \90%. However, once the MPR was below 80%, we found that decreasing levels of adherence was associated with increased risk of death (Fig. 2) . 
Discussion
Much of cancer research has focused on discovering and proving the efficacy of new interventions to reduce cancer mortality. However, even in settings where proven efficacious treatments exist, it is disappointing to learn that many patients do not receive these treatments or there are aberrations in its administration. In this large, population-based study of women with early-stage BC enrolled in KPNC, as we previously reported, only 49% of patients were fully adherent with HT for the 4.5-year follow-up period [11] . We now report that this early discontinuation of HT was associated with a 26% increase in all-cause mortality, and, of those who continued, non-adherence was associated with a 49% increase in all-cause mortality. In addition, compared to 100% adherence, mortality rates increased with decreasing levels of adherence.
The relationship between dose-intensity and outcome has been established for adjuvant BC chemotherapy. Bonadonna and colleagues [24] [25] [26] [27] demonstrated that the benefit of adjuvant chemotherapy was limited to patients who received C85% of the optimal dose, while patients who received less treatment than that fared no better than those who received none. Work by our group and others has shown that these types of aberrations in chemotherapy treatment quality are common, and have an impact on mortality [28, 29] . For example, our group found that among women with BC who initiated adjuvant chemotherapy, 28% discontinued treatment early and that the earlier they terminated treatment, the higher their mortality hazard ratio was compared to those who completed treatment [28] . Similar results were found for patients with colon [30] and ovarian [31] cancer as well.
With regard to oral cancer therapies, much less is known. We previously reported that, in the same KPNC cohort of women with non-metastatic hormone-sensitive BC treated with adjuvant oral HT, 32% of the women discontinued HT early, and of those who continued, only 72% were fully adherent. Younger or older age and an increased number of comorbidities were associated with earlier discontinuation, while Asian race, being married, and longer prescription refill interval were associated with completion of therapy [11] . Several other investigators have reported rates of nonadherence to HT ranging from 30 to 50% [5, 7, 10, 32, 33] . A similar lack of adherence occurs with oral medications, such as Gleevec, for gastrointestinal stromal tumors or chronic myelogenous leukemia [34, 35] . Given the increasing number of new oral cancer treatments, the identification of ways to increase adherence may reduce cancer mortality. Understanding and specifically addressing the reasons for discontinuation will help to increase adherence and ultimately improve outcomes. Our results confirm the findings from several smaller observational studies that suggested that HT discontinuation is associated with increased mortality [9, 15, 16] . A study by Yood et al. [15] showed, in a sample of 886 elderly women treated with tamoxifen, that those who were exposed to 5 years of therapy had a sixfold higher BC survival than those treated for less than 1 year. Similarly, in a retrospective study of 1,633 women, adherence\80% was associated with slightly poorer survival (hazard ratio = 1.10) [9] . While many of the randomized trials did not report adherence, recent data on discontinuation of therapy are reported to be 10-28% depending on the length of follow-up [36] [37] [38] . Despite this, there is little data on adherence or on the relationship between discontinuation and survival.
We were reassured that the cut-off of 80% MPR, which is somewhat arbitrary and not well justified in the literature [23] , represented a cut-off that corresponded to survival outcome. While increasing levels of non-adherence were less common, they were associated with increased mortality risk. Interestingly, classifying the 1,534 patients who were non-adherent 80-90% of the time into the non-adherent category removed the detrimental effect on mortality, suggesting non-adherence above 80% may not result in adverse clinical consequences.
Although we also found that early discontinuation and lack of adherence to HT were associated with poor survival, we cannot assume that this association is causal. Some patients may be at high risk for adverse outcomes due to the same factors that cause them to discontinue treatment early: poor physical condition, performance status, psychological outlook, or health behaviors. In addition, some patients may have discontinued treatment early in response to toxicity. Treatment-associated toxicities are often a major barrier to the full application of effective cancer treatment. For example, in a survey of 622 postmenopausal women, 30% discontinued HT, and 84% did so because of side effects [39] .
There are several limitations to our study. First, we were not able to determine the reasons for non-adherence and discontinuation, which may also be associated with the increased risk of mortality, nor were we able to evaluate BC-specific mortality. Another limitation may be the inability to capture all recurrences with electronic medical data; however, the methods used have been validated in other studies [40] . While assumptions were made to calculate total number of pills dispensed on average, which may have resulted in an under or overestimation of the number of pills dispensed, the method for using prescription claims data for estimation of adherence has been validated in prior studies [41] .
We found that both early discontinuation and non-adherence with HT in women with early-stage BC are associated with increased all-cause mortality. Further investigation is critical to identify interventions to help such patients comply with the full course of adjuvant HT. Such interventions have the potential to have an impact on BC survival.
